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Introduction
heophylline (1,3-dimethylxanthins) has been used to treat asthma and chronic obstructive pulmonary disease and in neonates it is used for treatment of apnea and bradycardia (Vignola, 2005) . However, in clinical practice, the use of theophylline is limited by its narrow therapeutic range (Ohnishi et al., 2003) . Major mechanisms of theophylline therapeutic efficacy and its toxicity are through the increase of catecholamines release and adenosine antagonism. In addition, high levels of theophylline inhibit phosphodiesterase, resulting in elevation of cyclic adenosine monophosphate and consequent adrenergic stimulation (Hymel 2016) . In overdose, severity ranges from nausea, tremors and headache, to more serious sequelae, such as seizures and life-threatening cardiac dysrhythmias (Barnes, 2005) . Seizures are more common with acute overdose than with chronic overdose. In contrast, cardiac dysrhythmias are more common following a chronic overdose rather than acute overdose and with lower serum concentrations (Fisher and Graudins, 2015) .
Serum theophylline level is affected by many conditions increased clearance and consequent low levels are occurred in young age ( 1-16 years), acidosis, smoking cigarettes and marijuana and concomitant administration of phenytoin, phenobarbital, and rifampin (Blumhof, 2013) . In contest, theophylline clearance may be decreased by concomitant diseases prevalent in the elderly and have the potential to increase serum levels. These conditions include impaired renal function, chronic obstructive pulmonary disease, congestive heart failure, hepatic disease and an increased prevalence of use of certain medications with the potential for pharmacokinetic and pharmacodynamic interaction (NIH, 2016) .
Aim of the work
The aim of this study is to investigate if serum theophylline level is correspondance with occurrence of complications and prolonged hospital stay after acute overdose among cases presented to the Poison Control Centre, Ain Shams University Hospitals (PCC-AUH) during the year 2016.
Subjects and Methods
This study was a prospective study included all patients presented to the PCC, Ain Shams University Hospitals with acute overdose of theophylline from January to December 2016.  All cases were subjected to full history taking included general characteristics (age, gender, delay time, manner of toxicity, overdose with ordinary or sustained release form)  Clinical data including vital signs (pulse, blood pressure, temperature, respiratory rate) and full systemic examination.  Complications during hospital stay including respiratory failure requiring intubation and mechanical ventilation, severe hypotension that need a vasopressor to maintain blood pressure after admission, arrhythmias leading to hemodynamic instability, seizures and status epilepticus  Criteria related to outcome ICU admission, duration of hospital stay and non survival rate.  Laboratory analysis:  Theophylline blood level: Venous blood samples were withdrawn from each patient on admission and every 6 hours during hospital stay. The majority of theophylline poisoning cases are due to ingestion of sustained release forms which leads to a prolonged absorption phase and a peak concentration delayed for up to 24 h. For this reason theophylline concentrations should be measured on admission and at 4-6 h intervals thereafter until theophylline levels are clearly falling (Locas and Donovan, 2013) . Venous blood sample of 2 ml blood was taken after venopuncture of a prominent vein and collected in vacutainer tubes and left for few hours to clot, after complete clotting they were centrifuged. This was evaluated using Cobas C 311 analyzer manufactured by Roche Company in Germany.  Arterial blood gases o Electrocardiogram (12 leads ECG). (Dahiru, 2008) .
Ethical considerations:
Permission was obtained from the Director of the PCC-AUH and an ethical approval from Ethical Committee of Faculty of Medicine, Ain Shams University Hospitals. All data were stored anonymously. Valid informed consent was taken from each patient or their guardians.
Results
Among 23680 cases visited the PCC-AUH during the year 2016, 510 cases (2.2%) were diagnosed as acute theophylline poisoning with the inclusion criteria (Table1) All cases were suicide. Regarding age distribution among the two groups, Table 2 showed extreme significant difference. Regarding gender, 14% were males and 86% were females in group I, 9% were males and 91% were females in group II with no significant difference ( Table  3) . As regards delay time, table 4 showed very high significant difference between both groups. Comparing group I with group II, vital data showed significant difference regarding temperature, very high significant difference regarding pulse and extreme significant difference between both groups regarding systolic and diastolic blood pressure (Table 5) . Regarding cardiovascular manifestations, table 6 showed that 30% of group II cases presented with sinus tachycardia, 9% presented with hypotension needed IV fluids, while 3.8 % of group I cases presented with sinus tachycardia and 0.4% of cases presented with hypotension needed IV fluids. There was extreme significant difference between group I and II with sinus tachycardia and high significant difference with hypotension needed IV fluids. Table 7 showed that 45% of group II cases and no one in group I cases presented with respiratory manifestations (tachypnea) with extreme significant difference between the two groups. Table 8 showed significant difference between group I and II regarding vomiting (77% and 94% respectively), while there was no significant difference regarding abdominal colic (45% and 48% respectively). As regards grading of vomiting, Table 9 showed extreme significant difference between group I and II regarding grades I and II of vomiting (98.3% and 3.2% respectively and 1.4% and 90.3% respectively).There was significant difference regarding grade III of vomiting (0.3 % and 6.5% respectively). As regards frequency of complications during hospital stay, table 10 showed that the highest frequency was with respiratory alkalosis (2.9%) followed by metabolic acidosis (2.5%) then hematemesis and /or melena (0.8%) then respiratory distress, arrhythmia ,agitation (0.6% each). Lastly, respiratory acidosis and seizures (0.2% each). All cases of group II were admitted to the ICU, while 98.7% of group I cases were admitted to the Inpatient word and only 1.3% were admitted to the ICU after being admitted to the Inpatient word. There was extreme significant difference between the two groups (table 11). Table 12 showed the comparison between the two groups regarding duration of stay;97.1% 0f group I cases were admitted for 1 day,2.1% for 2 days,0.6 % for 3 days and 0.2% for >3 days. 45.5% of group II cases were admitted for 2 days,21.2% for 1 day and for 3 days (each) and 12.2% for > 3days.There was extreme significant difference between both groups regarding all periods of duration of stay. Table 13 showed the percentage of outcome of acute theopylline poisoning cases where 3 died and 507 were survived. Table 14 showed high significant difference between group I and II regarding peak serum level of theophylline. Table 15 showed distribution of ECG changes in both groups, sinus tachycardia occurred in 30% of group II and in 29% of group I, atrial fibrillation ventricular tachycardia and cardiac arrest occurred in 3% (for each). Activated charcoal, multiple dose activated charcoal and IV fluids were done to all cases of group II and 99.4%, 10% and 2% to cases of group I respectively with extreme significant difference between both groups regarding multiple dose activated charcoal and IV fluids, while there was no significant difference regarding activated charcoal given at the Emergency department. Gastric lavage was done to 66.6% in group II and 4% in group I with extreme significant difference between both groups. Anticonvulsant was administrated to 9% of group II, intubation, vasopressor, nebulizer and mechanical ventilation were administrated to 3% (for each) of group II. No one in group I received anticonvulsant, intubation, vasopressor, nebulizer or mechanical ventilation with very high significant difference between both groups regarding anticonvulsant use and no significant difference between both groups regarding intubation, vasopressor, nebulizer and mechanical ventilation use (table 16) . Regarding relation between serum theophylline level and occurrence of complications, there was extreme significant difference between group I and II regarding metabolic acidosis and hematemesis and/ or melena , very high significant difference between group I and II regarding arrhythmia and hypotension that needs vasopressor and high significant difference between group I and II regarding respiratory distress .While there was no significant difference between both groups regarding respiratory alkalosis (table 17) . There was only one case with respiratory acidosis ,serum theophylline level was 26 μg/ml and one case presented with coma and respiratory distress ,the level was 22 μg/ml she was died and one case with seizures, the level was 76 μg/ml. Table 18 showed relation between peak serum theophylline level and duration of hospital stay, there was high significant difference between the two groups. Deng et al, (2009) 
Discussion
Acute theophylline overdose is a toxicological emergency especially complicated cases who have high morbidity (Hymel, 2016) . This study revealed that during the year 2016, 510 cases (2.2%) were diagnosed as acute theophylline overdose. Hocaoglu et al.,(2014) reported that between 1993 and 2011; 354 (0.4%) of cases were due to acute theophylline exposure. This study revealed also that all cases were suicidal attempts. This agrees with Olson, (2012) who stated that acute overdose is usually a result of a suicide attempt, also, Hocaoglu et al., (2014) reported that intentional exposure was significantly higher due to high tendency to take large dose at the time of committing suicide. The current study showed that the mean age in the complicated group was younger than that of the noncomplicated group with extreme significant difference. Two of died cases were above 50 years old as the clearance of theophylline is decreased by increasing age (Ohnishi et al., 2003) . Also, theophylline clearance may be further reduced by concomitant diseases developed with increasing the age, which further impair clearance of this drug and have the potential to increase serum levels and potential toxicity. In addition to an increased prevalence of use of certain medications with the potential for pharmacokinetic and pharmacodynamic interaction. Protein binding may be decreased by increasing the age resulting in an increased proportion of the serum theophylline concentration in the pharmacologically active unbound form (Fisher and Graudins, 2015) .
This study showed that there was no significant difference between the two groups regarding gender. Fisher and Graudins, (2016) reported that gender differences in theophylline clearance are relatively small and unlikely to be of clinical significance. At the same time it was more prevalent in females in both groups as intentional poisoning is more common in females as was reported by Hocaoglu et al. (2014) .
There was very high significant difference between the two groups regarding delay time in the current study, increasing delay time is directly proportional to severity of toxicity (Mowry et al., 2015) .
The current study showed significant difference between both groups regarding temperature, very high significant difference regarding pulse and extreme significant difference regarding systolic and diastolic blood pressure. In addition, sinus tachycardia was present in most of group II cases and only in 3.8% only with of group I cases presented with extreme significant difference between both groups. Hypotension required treatment with IV fluids was present in 9% of group II cases and 0.4% of group I cases with high significant difference. Olson, (2012) found that tachycardia and hypotension occur frequently with acute toxic overdoses of theophylline. Hymel, (2016) reported that hypotension occurs with severe overdoses. Bethesda, (2016) stated that theophylline stimulates the vasomotor and vagal centers promotes vasoconstriction and bradycardia, respectively, but the overall effect of theophylline on heart rate and blood pressure depends on whether CNS or peripheral effects predominate.
This study revealed that there was extreme significant difference between the two groups regarding tachypnea. Bateman et al. (2014) reported that acute theophylline toxicity causes stimulation of respiratory center leading to hyperventilation and respiratory alkalosis and in severe cases respiratory failure and arrest may occur.
The current study showed that there was significant difference between the two groups regarding occurrence of vomiting and most of group II cases that complained of vomiting were of grade II, while most of group I cases were of grade I. There was no significant difference regarding abdominal colic. Bateman et al. (2014) mentioned that vomiting occurs very common in acute theophylline cases (75%) it is pronounced and resistant to antiemetic treatment, in protracted vomiting associated hematemesis may occur and abdominal pain may also accompany vomiting. Bethesda, (2016) explained by stating that theophylline toxicity causes increase in gastric acid secretion with delay in emptying ,it may stimulate the vomiting center leading to severe repeated vomiting and gastric erosions regarding complications, the present study revealed that the highest frequency was with respiratory alkalosis (2.9%) followed by metabolic acidosis (2.5%) then hematemesis and /or melena (0.8%) then respiratory distress, arrhythmia, agitation (0.6%) each. Lastly, respiratory acidosis and seizures (0.2%) each. Theophylline causes stimulation of the medullary respiratory center directly and indirectly through constriction of cerebral vasculature with the resultant decrease in cerebral blood flow and increase in carbon dioxide tension causing increase depth and rate of respiration with subsequent respiratory alkalosis also, it causes agitation and seizures which is a severe complication and frequently resistant to anticonvulsant drugs (Bethesda, 2016) . Metabolic acidosis occurs in severe cases due to multisystem organ failure (Olson, 2012) .
Arrhythmia occurs in severe cases secondary to increased secretion of catecholamines (Hymel, 2016) . Respiratory acidosis occurs due to CNS depression in severe toxicity (Fisher and Graudins, 2015) .
The current study showed that there was extreme significant difference between the two groups regarding ICU admission as all group II cases were admitted to ICU, while only 1.3% of group I cases were transferred to ICU during hospital stay due to development of complications as hypotension and severe vomiting with GIT bleeding. Complicated cases as cardiac dysrythmias, severe hypotension, coma, seisures, acid base disturbance or GIT bleeding must be admitted to ICU (Jolliff et al., 2013) .
This study revealed that there was extreme significant difference between the two groups regarding duration of stay; most of group II cases were admitted for 2 days (45.5%), 21.2% were admitted for 3 days, 12.2 for more than 3 days. While most of group I cases were admitted for one day (97.1%) and minority of cases were admitted for 3 days or more (0.6%) and (0.2%) respectively. Cases admitted to ICU need longer duration for hospital stay as they need close observation and medical care for proper treatment of complications (Hocaoglu et al., 2014) .
In the present study, out of 510 cases, 3 cases were died due to respiratory distress required mechanical ventilation, one of them was complicated with ventricular fibrillation and developed cardiac arrest. Hocaoglu et al., (2014) found that out of 354 cases one case was died. Acute theopylline toxicity may lead to acute lung injury (ALI) and respiratory failure leads to arrest (Hymel, 2016) . In addition, theophylline stimulates all levels of the CNS including respiratory center stimulation which may end in respiratory failure (Bethesda, 2016) .
Other causes of death were described by Rumack, (2017) who found that severe and fatal toxicities result from seizures, rhabdomyolysis, hypotension and cardiac dysrhythmias. Seizures may occur even without other preceding symptoms of toxicity and often result in death.
Regarding ECG changes, the present study showed that sinus tachycardia occurred in 30% of group II and in 29% of group I, atrial fibrillation occurred in 3% of group II. Ventricular tachycardia occurred in 3% of group II and cardiac arrest occurred in 3% of group II. Hymel (2016) found that the commonest arrhythmia is sinus tachycardia, other forms which may occur are atrial fibrillation, atrial flutter, supraventricular tachycardia, multifocal atrial tachycardia, ventricular tachycardia, ventricular fibrillation and cardiac arrest.
All cases of group II received activated charcoal at the emergency room then multiple dose activated charcoal, all of them needed IV fluids as supportive treatment (9% of them for correction of hypotension), most of them needed gastric lavage (66.6%) with extreme significant difference with group I cases regarding the previous methods of treatment except activated charcoal as there was no significant difference; most of group I cases received activated charcoal at the emergency room (99.4%), 10% needed multiple dose activated charcoal, 4% needed gastric lavage and 2% needed IV fluids for correction of hypotansion and severe vomiting with GIT bleeding. On the other hand, 9% of group II cases needed anticonvulsant to control agitation and seizures. In the present study, only one case needed hemodialysis, his theophylline level was 98 μg/ml and complicated by metabolic acidosis.
Management decisions should be based on both clinical assessment and theophylline concentrations (Hymel, 2016) . In cases of hypotension, IV access fluids often give a good response, if hypotension is refractory to fluids a noradrenaline infusion should be administrated with continuous ECG monitoring. Tachydysrhythmias should be treated with IV cardioselective beta blockers. IV metoprolol 5 mg slowly, a repeat dose of 5 mg IV can be given after 5 minutes if the initial response is inadequate, endotracheal intubation may be needed in patients who require high-dose benzodiazepines or barbiturates to control seizures (Hayes, 2011) . Hocaoglu et al., (2014) reported that 83% of cases needed gastrointestinal decontamination. Consider gastric lavage (unless contraindicated) if the patient has recently (<1h) ingested a significant amount or a sustained-release preparation of theophylline or if theophylline bezoar formation is suspected after insertion of an endotracheal tube. Activated charcoal enhances elimination of theophylline. It is a very effective method of elimination. Multiple dose activated charcoal (MDAC) is considered the mainstay treatment of theophylline toxicity in severe cases. It is important to aggressively control nausea and vomiting in order to perform MDAC treatment. It is also important that the patient is able to protect his or her airway in order to prevent aspiration of activated charcoal. Administer the cathartic, sorbitol, with the activated charcoal one time (Antoniou et al., 2010) . Hemodialysis is the definitive lifesaving procedure in severe toxicity and is highly effective if initiated early. Arrangements for hemodialysis should therefore be made early when life-threatening severe toxicity has occurred or is anticipated, patients at risk of death should be identified and dialyzed before clinical deterioration occurs as serum theophylline level > 80 μg/ml in the setting of acute overdose, clinical manifestations of severe toxicity such as arrhythmias, (including SVT), hypotension or seizures (Hayes, 2011) However Savory and Wills (2012) found that there is discrepancy between toxic theophylline levels and symptoms in acute compared to chronic overdose. Also, Rumack (2017) found that serum concentrations do not always accurately predict acute toxicity, the current study revealed high significant difference between group I and II regarding serum theophylline level indicating the relation between high serum level and presence of complications as it was revealed from the extreme significant difference regarding the presence or non-presence of metabolic acidosis and hematamesis and/or melena, very high significant difference regarding hypotension needing vasopressor and arrhythmia, high significant difference regarding respiratory distress, while there was no significant difference regarding respiratory alkalosis.
Theophylline concentrations gives diagnostic and prognostic information, define the need for and measure the efficacy of therapy in overdose. Theophylline concentrations predict the risk of seizures and cardiac toxicity in acute overdose (Dawson and Whyte, 1999) . Blumhof (2013) and Sessler (1990) found relation between serum theophylline level and presence of complications. In adult patients with acute ingestions the incidence of seizures and arrhythmias is increased when the serum concentrations approaching 80 μg /mL. However, as there is often a lag time between achieving potentially toxic concentrations and having a major complication it has been suggested that these concentrations should be used as an indication for extracorporal removal (charcoal haemoperfusion or haemodialysis) (Mowry et al.,2015) The present study showed high significant difference between different durations of hospital stay according to serum theophylline level, higher serum theophylline levels are associated with longer duration of stay mostly due to presence of complications at these levels.
Conclusion
It was concluded that there was significant difference between the two groups regarding peak serum theophylline level and occurrence of complications and also duration of stay.
Recommendations
Serum theophylline level should be considered to be one of the predictors of occurrence of complications, ICU admission and longer duration of stay in cases of acute theophylline overdose.
